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(54) Code and spectrum reuse In a sectorised CDMA system 

(57) A system and a method for code division multi- 
ple access (CDMA) communication. The system (11) 
includes fixed terminals (13) communicating with a cen- 
tral base station (12). The terminals in protection sec- 
tors (14-21) of each sector (1 to 4) are configured to 
employ codes from different sets of codes to overcome 
potential mutual interference between sectors on 
account of antenna radiation pattern roll-off. The 
remaining codes, preferably the majority of the available 
codes, are used in any one of a plurality of basic sectors 
(22-25), each of which separates the protection sectors 
of a respective sector. For an even number of sectors in 
a cell, the available codes are partitioned into three 
groups, two for the protection sectors and one for the 
basic sectors. For an odd number of sectors in a cell, . 
the available codes are partitioned into four groups, 
three for the protection sectors .and one for the basic 
sectors. Protection sectors are relatively narrow but 
broad enough to counteract the potential mutual inter- 
ference between sectors. 
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Description 
Field Of The Invention 

[0001] This invention relates to code division multi- 
ple access communication systems and to methods for 
operating them, particularly to such systems and meth- 
ods in a fixed wireless loop environment. 

Plscusslon Of The Related Art 

[0002] Code Division Multiple Access (CDMA) has 
become one of the major technologies for digital wire- 
less communication in the U.S. and worldwide. Growing 
demand for the service provided by fixed wireless loop 
systems based on CDMA exists particularly in those 
countries and areas that are insufficiently supplied with 
basic telephone infrastructure. In particular, the demand 
has grown for telephone connections of sufficient band- 
width and quality for convenient access to the Internet. 
[0003] In systems addressing this need; the users 
are static and their locations are known. In this environ- 
ment, digital wireless communication is provided in a 
fixed arrangement of cells containing fixed terminals. As 
an example for such a fixed wireless loop CDMA sys- 
tem, the code-limited capacity may be 128 channels, 
minus those used for pilot and control channels. For 
implementation, several options exist. First, the base 
station of each cell could use an omnidirectional 
antenna. Second, the cell can be divided into a number 
of sectors with a base station antenna for each sector 
Codes can be reused in non-interfering sectors, but the 
inevitable overlap of the antenna patterns leads to fur- 
ther options to avoid mutual interference between adja- 
cent sectors Thus, the third and fourth options pertain to 
multiple-sector cells and involve, respectively, using dif- 
ferent portions of available bandwidth in adjacent sec- 
tors subject to mutual interference, or using different 
ones of the available codes in adjacent sectors subject 
to mutual interference. Further growth in demand cur- 
rently can be met only by increasing the number of cells 
and the number of relatively expensive base stations It 
is desirable to have a better way to meet increases in 
demand in such a CDMA system 

Summary of The Invention 

[0004] According to the invention, in a fixed wireless 
loop CDMA system having multiple sectors, there are 
/A^> established two protection sectors at both edges of 
^ each sector. The purpose of the protection sectors is to 
prevent mutual interference between adjacent sectors 
resulting from the roll-off of the radiation patterns of the 
sector antennas. The remaining part of a sector sepa- 
rates the protection sectors and will be called, a basic 
sector. The spreading codes are divided among all sec- 
tors so that two neighboring sectors, no matter whether 
a protection sector next to a protection sector, or a pro- 



A* 



tection sector next to a basic sector, do not have any 
codes in common. The two protection sectors on oppo- 
site edges of the same sector use codes from the same 
group of codes. In cells with an even number of sectors, 

5 three groups of codes are sufficient, one group for the 
basic sectors and two groups for the protection sectors. 
Cells with an odd number of sectors need four groups of 
codes, one for the basic sectors and three for the pro- 
tection sectors. 

10 [0005] Advantageously, all of the codes not used in 
the protection sectors are used in any one of the basic 
sectors. 

[0006] Specifically, in a system according to a first 
aspect of the invention, each of the terminals in a pro- 
is tection sector or a basic sector is configured to use an 
assigned specific code from an appropriate one of the 
groups of codes. 

[0007] Further specifically, in a method according to 
a second aspect of the invention, codes from appropri- 
ate ate ones of the groups of codes are assigned to termi- 
nals in protection sectors and basic sectors. 
[0008] Protection sectors are relatively narrow but 
broad enough to counteract the potential mutual inter- 
ference between sectors. 

25 

Brief Description Qf The? Drawing 

[0009] Further features and advantages according 
to both aspects of the invention will become apparent 
30 from the following detailed description, taken together 
with the drawing, in which: 



Fig. 1 is a block diagrammatic and schematic show- 
ing of a first implementation of the invention in a 
CDMA system having fixed terminals in which each 
cell has multiple sectors; and 
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40 



Fig. 2 is a flow diagram of the method of the inven- 
tion. 

Detailed Description 



[001 0] In Fig. 1 a fixed wireless loop cell 1 1 includes 
a cell base station 12 and a substantial number of fixed 

45 communicating terminals 13. Cells like cell 11 typically 
are useful in areas that are insufficiently supplied with 
basic telephone infrastructure, particularly the right-of- 
ways, lines, cables, substations, and telephone hybrid 
junctions used in developed urban and suburban areas 

so in the United States. Nevertheless, such a cell can also 
be used as an overlay providing additional capacity in 
areas having significant infrastructure. While a single 
cell is shown, typically a large number of such cells, 
arranged as needed, would be used. 

55 [0011] Cell base station 12 illustratively uses four 
antennas, each of which can comprise an antenna 
array, to define four sectors, labeled sector 1 , sector 2, 
sector 3, and sector 4, respectively. Each fixed terminal 
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13 has its individual antenna or. antenna arrayaimed at 
cell base .station 12* and. communicates with other tele- 
phone users through the cell base station v1 2; It may be 
appreciated that the radiation pattern from cell base sta- 
tion 1 2 in each of >theifourisectors.necessarily does not 5 
fall off precipitously at sector lines, but has some natural 
roll-off.rv^j tMayte swo^ akpi'jjvt >?:^ >: ^ ztro 
[0012] - iEacrt r sector/such as sector ri; is divided to 
include protection sectors, e g. 14 and 15 to either side 
of a basic sector 22. In a clockwise direction, sector 2 10 
includes protection. sectors ,16. andi17 and basic sector! 
23. Sector 3 has protection sectors 1 8 and 1 9 and basic 1 
sector, 24.:. Sector,;4; has protection sectors 20- and- 21 2 
and basic sector,25ni IcjjjmateiYi"^ bkv) ,^ot..- . c»; 
[0013] For example, protection sectors 14 and 15 is 
and the :.terminals^13j therein.^being supplied; from*; a r , 
common;antenna,i*are assigned;distinct codes from<a4 
first set of codes^for protection.jTogether,; these codes*^ 
may be called set S^.in.sector 2, protection sectors 16: 
and 17 are assigned distinct codes from a second set, 20 
called set S 2 ; ! - which does not include any>of,the codes; / 
in set Sv* Mutual: interference among signals received,* 
by terminalsh,13:inf protection - sectors s1 5 ;.and: 16;;is a 
avoided according \- to; 1 the invention/rTo;. avoid mutual^ 
interference. among signals received byJerminals 13 in-, ss 
protection sectors 21 and 14, the code set S2 may be: ; 
used in protection sectors 20 and 21 , since the codes in 
set S-i are used in protection sector, 14. In sector 3, the - ,2 
code set Si maybe reused in protection sectors 18 and 
19 because there is no danger of interference with sig- 30 
nals in; protection sectors \1 7< and &0&TUe remaining ■ , 
CDMA codes, not present in sets Si and S 2 ; comprise a 
set S and-are assigned to terminals 13 in any one of u 
basic sectors 22r25r»Set Siisjllustratively^signrficantly.i 
larger than both of sets $i and S 2 together.; lfrwe;i 35 
assume 128 total available codes (or more generally, C 
total available codes), ;then the codes usable in sector 1 
basic sector. 22 are* numbered, as equal to v128-(S-| + 
S2), and are also usable in the other basic sectors 23- 
25. 40 
[0014] C; As a simple tutorial example, assume that a 
total of ClCDMA codes are>available.* Assume further 
that available codes are allocated to all three sets in pro- 
portion to the angles occupied, by- the respective: sec- 
tors. If protection sectors 1 4 and 15 together occupy an 45 
angle of Bf and the basic sector 22toccupies an anglel . 
of A°, then \ ' Tu;t j - tJbz$<\ */•■* ttfa* 1 io 

A + B»90°. (1) 

.j ■* u ;/.: ; v M o tioiOil.. rjt'ri j *>> -lori.'^v ©r.T so. 

From symmetry, ' 'v.ir^'f < ,J ' t 

*. r » v; : o'> ' - :'/v.^;i:v ...'v-* 

and the number of codes, S t assigned to each basic 1? ss 
sector, 

:■» um^AS b,Q-2 S 1; vvr^Bi 5 (3pi 



Thus, 



S 1 - (C — S)/2. *v . !.; ih t{4) u 



With the assumed angular distribution of codes, pilot • 
channels being neglected.' ' T: ^ ' ' ! i * ' "■ ^ ■ ' 

v .S^BfC-ZS^/AnS/A.^ r :o (5) 



St =SxB/A.: 



Substituting, 



Solving, 



Example 



(C— S)/2oSxB/A; (ii 



::, (6). " 



(7) ; 



Ti Ik 



S = C/(2B/A + 1). 



^ k(8).. 
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[001 5] ? , For C = 1 28, and B = 30° (each of protection : v- . 
sectors 14 and 15 being 15°), A = 60?. Then; S o -128/2/ i ! 
= 64, Si = 32, and Sa= 32. Then, the total capacity of & / • 
the cell is proportional to 4 x 64 + 2(32:+ 32)to 384; . ^i 
whereas the prior art technique. would yield 256. v.. 
[0016] , While this analysis is approximate, the gen- : „ 
eral principle is validated. Note that this example repre- . : 
sents a limit of a range, in which S is not less than 2S 1a ■ 
The assumed angle ratio B/A (= 1/2) is probably larger / 
than is desirable. B/A may certainly be less than !/£, that i* ' ■ 
is, the protection sectors may; be relatively marrow, so; 1 
long as potential mutual interference, is avoided.* S may /Jr. 
be correspondingly larger than 2 S-i j w o»v.rv.- r yi .qr, ;o- ; ; : . : 
[0017] . For a more preferred implementation of the ; ^ 
invention providing . improved * reuse • of ... codes, the J 
arrangement of Fig. 1 can readily be applied to an * 
example in which B/A < V4. For four sectors, : as illus- ^ ' 4 
trated, B can be less than 30°. It should also be clear. : n ( 
that each protection sector occupies an angle that is A h j 
ofB. r . . ;iii!r: .-i 1 .--i'. < 

[001 8] Fig. 2 illustrates the method of the invention. ? r^< • 
Step S1 is as follows. In a CDMA system having at 
lease one base station 12 communicating in a fixed:** 
wireless loop cell 1 1 with a plurality of fixed terminals 13 
in a plurality of sectors, each including two protection \ 
sectors that are separated by a basic sector, codes from 
a first set of codes are divided between the two protec- 
tion sectors. In adjacent ones of sectors 1-4, .a second 
set of codes for protection is selected to be completely 
distinct from the first set of codes, i. e., non-overlapping 
the first set. Once particular codes are assigned to par- 
ticular terminals,- each terminal must be -configured to 
use its assigned code 

[0019] v Further, the remaining. available* codes, a 
majority of the available codes, are used in any one of 
the basic sectors 22-25. The basic sectors have minimal 
potential mutual interference, r. > ' ' ' ' f 
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[0020] For any antenna used in this system, an ini- 
tial step (not shown) of the method should be determin- 
ing the physical extent of potential mutual interference 
of the radiation patterns of the separate antennas. That 
extent is the extent of the radiation pattern roll-off 5 
beyond each nominal boundary of the sector served by 
each antenna. Thus, for any antenna, the proper width 
of the protection sectors will be determined. This initial 
step needs to be done only once for any situation where 
identical antennas will be used. w 
[0021] In the implementations of the invention 
described herein, all of the frequency spectrum of the 
CDMA system and most of the available codes of the 
CDMA system are used in each of the sectors 1 -4 of the 
fixed wireless loop cell. A significantly higher capacity is 
results than in the prior art cases in which the use of the 
available bandwidth is halved in each sector or in which 
the use of the available codes is halved in each sector. 
The advantage results from partitioning the available 
codes into three groups, for an even number of sectors, 20 
two groups for use in the protection sectors to avoid 
interference and the third group for use in any of the 
basic sectors, in which no interference is likely. 
[0022] While the exemplary implementation to be 
described for Fig. 1 uses four sectors in a cell, in princi- 25 
pie the cell could have any number of sectors, two or 
greater, preferably an even number, so long as a signif- 
icant basic sector remains in each sector of the cell. It is 
noted that six sectors per cell are widely used in existing 
systems, as are also three sectors per cell. When an 30 
odd number of sectors is used in a cell, the available 
codes should be partitioned into four non-overlapping 
sets, according to the present invention. These code 
sets comprise three for the protection sectors and one 
for the basic sectors. The result is somewhat less effi- 35 
cient than the result when using an even number of sec- 
tors. 

[0023] It should be clear that many variations of the 
implementations of the system and method of the inven- 
tion of the can be made within the spirit and scope of the 40 
invention, that is, within the scope of the following claims 
and their equivalents. 

Claims 

45 

1. A code division multiple access communication 
system, comprising: 

at least one base station having a plurality of 
antennas radiating to a plurality of sectors of a so 
fixed wireless loop cell, each sector including 
two protection sectors and a basic sector 
between said two protection sectors; and 

in each of said sectors, a respective plurality of ss 
fixed terminals configured to send and receive 
code division multiple access signals to and 
from said base station, ones of said terminals 



in protection sectors subject to potential mutual 
interference being further configured to send 
and receive code division multiple access sig- 
nals using codes selected from different sets of 
codes, and ones of said terminals in said basic 
sectors being configured to send and receive 
code division multiple access signals using 
codes that are not in any of said different sets 
of codes. 

2. The code division multiple access communication 
system according to claim 1 , wherein the protection 
sectors of a sector are no broader than necessary 
to counteract said potential mutual interference. 

3. The code division multiple access communication 
system according to claim 1 , wherein the plurality of 
antennas comprise an even number of antennas, 
and the cell has an even number of sectors. 

4. The code division multiple access communication 
system according to claim 3, wherein all of the ter- 
minals in the protection sectors of the cell are con- 
figured to use no more of the available codes than 
are necessary to counteract said potential mutual 
interference. 

5. In a code division multiple access communication 
system having at least one base station in a cell 
communicating with a plurality of fixed terminals in 
a plurality of sectors of the cell, each sector includ- 
ing two protection sectors and a basic sector 
between the two protection sectors, a method for 
improving use of codes by the terminals, compris- 
ing the steps of 

reserving different sets of codes for assign- 
ment to terminals in protection sectors subject 
to potential mutual interference; and 

assigning remaining codes not in any of said 
different sets of codes to terminals in the basic 
sectors, any of said assigned remaining codes 
being usable in any of said basic sectors. 

6- The method of claim 5, wherein the protection sec- 
tors of a sector are no broader than necessary to 
counteract said potential mutual interference. 

7. The method of claim 5, wherein the cell has an even 
number of sectors, and the reserving step reserves 
only two different sets of codes for use in protection 
sectors, a third set of codes being usable in any of 
said basic sectors not subject to potential mutual 
interference. 

8. The method according to claim 7, wherein the 
reserving step reserves the two different sets of 
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codes, which comprise no more of the available 
codes than are necessary to counteract said poten- 
tial mutual interference. 
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FIG. 2 

IN A CDMA SYSTEM HAVING A BASE STATION e . 

AND PLURALITY OF TERMINALS IN A PLURALITY | 51 

OF SECTORS. RESERVING DIFFERENT SETS OF 
CODES FOU TERMINALS IN PROTECTION SECTORS 
SUBJECT TO POTENTIAL MUTUAL INTERFERENCE 



ASSIGNING REMAINING CODES TO TERMINALS 

IN BASIC SECTORS OF ALL SECTORS — ~S2 
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includes fixed terminals (13) communicating with a cen- 
tral base station (12). The terminals in protection sec- 
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